INTRODUCTION
Ion channels are routinely described in terms of their conductance as obtained from the slope of a linear portion of a current-voltage relationship (I-V curve), and in many cases the conductance is sufficient to identify the channel (Edwards, 1982; Hille, 1984) . However, thre are several examples of ion channels that, at a fixed voltage, express multiple levels of conductance. These levels appear to interconvert amongst one another, and are not integer m nado, 1988) in muscle; and others to be descnrbed below. It is not uncommon to find at least 5 or 6 conductance levels in many of these channel systems.
There are two alternative explanations for multiple conductance channels. The first considers that the cross sectional area ofa single channel can vary (e.g, Stein, 1986) . The other proposes the coexistence of multiple channels of identical conductance which open in concert According to the latter model, the different conductances should be exact integer multiples of a minimum conductance, as noted for Torpedo anion channels studied in natural abundance (Miller, 1982) or as recombinant molecules (Bauer et al, 1991) . Analogous biophysical arguments have been made for other systems, including "double-barelled" chloride channels from rabbit cortical collecting duct (Sansom et al., 1990) , "triplebarrelled" potassium channels from guinea pig heart cells (Matsuda et al., 1989) , and even a "16-barrel" channel from a molluscan neuron (Geletyuk and Kazachenko, 1985) . However, we have learned that most systems do not necessarily express conductance levels as integral multiples of one minimal conductance, although the data are frequently interpreted in this manner. In addition it is difficult to fit the observed frequency ofsimultaneus openings to the expected binomial ditibton.
Our alternative approach, as descnrbed below, was to examine the set of observed values of conductance for each channel, in sequence, and to search for any regular relationship among the members of each set. We found that for all the channel systems examined, the conductance values, g., expressed by the channel could be accurately descnrbed by recourse to the following geometric sequence:
where g. is the minimum conductance, and the integer n (-O) defines succeeding terms in the sequence. Not (n = 37, SD) mates the ratio of / in the equation for the "3/ Rule" given above. The specific data for each channel system is described in detail below and in Table 2 , but it is immdiately apparent that most of the relatonships have similr slopes. This is an important conclusion, and before urning to the implications, we will first descnibe the data and the analysis upon which this rule is prediated.
EXPERIMENTAL DATA
The channl systems graphed in Fig 1 and Table 2 , 3a.
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Estimaton of opimal P-value with a minimum in vacancis Our first approach was to develop a definition for an optimal ratio (P), in which all possible assignments of n would be taken into account. According to this definiton, the optimal P is the ratio that yields a minimum in error measurement while still giving a very low number ofvacancies. Tberefore, we let the value ofP vary between 1.1 and 2.0 and corelated values of n with each of the observed and predicted conductances. Where a choice had to be made between two possibilities, we picked the one with the smallest difference. We then calculated both the root-mean-square-error (ar) between observed and predicted values of conductance and the number of vacant predicted conductanc. For this analysis, we selected the 12 simple systems having more than 3 observed conductances and only zero or one vacancy according to the predictions using P = 312 For simplicity, we selected six of these systems for display. As shown in Fig. 2 , a small ratio (e.g., P = 1.1 or 11/10) was very accurate but contained a large number of vacancies. As the value of the ratio rose, the value of a also rose and then dropped to a minimum in the vicinity of 1.5 ("3/i). Thereafter, the value of a rose inexorably with an increase in P. In all cases, the number of vacancies dropped as P increased. In three cases (e.g., Fig. 2 , A, D, and E), the minimum in the error coincided with zero vacancies. In one other case (Fig. 2 B) , the minimum in the error at P = 1.5 corresponded to one vacancy. However, with the transition to no vacancies at P = 1.6, the error doubled. In the two maining cases, (Fig. 2, C and F) , the trasitions to zero vacancies, each at P = 1.7, corresponded to minima in the error, which in both cases were substantially greater than the error at P = 1.5. It is worth noting that the slopes estimated from the plot in Fig. 1 , and recorded in Table   1 , correspond, as they should, to the value ofPcorresponding to the least error. For the simplest cases, the choice of 32 for P produces a series that successfully accounts for all of the observed conductances, yields very few vacancies, and gives a position in the error graphs at a very low minimum. For at least these cases, the assignment of n used to generate Fig. 1 Fig. 4 . The slope is very close to the ideal value of unity. As descrbed in our intoductory remarks, one conventional explanation for multiple conductance ion channels has been that each conductance level represents a different effective cross sectional area of the channel pore. This idea is based on data from alamethicin (Hanke and Boheim, 1980) , and has been succinctly summarized by Stein (1990) . However, the calculations underlying the model are based on the assumption that the specific conductance of the channel is that of the bulk solution. Yet, given the spatial constraints of the conducting pathway, such a premise seems especially difficult to justify (Stein, 1990) . Finkelstein (1985) , among others, has also made a cogent case for the ". . . (lack of a) ... simple correlation between channel conductance and experimentally determined channel size." Furthermore, the model based on increases in cross sectional area created by sequentially adding "barrel staves," or other units, has a more fundamental problem. It will not yield a set of areas with adjacent conductances having a constant ratio to one another as the experimental data show. Rather, this ratio will progressively decline towards 1.0 with inceas- We have concluded, therefore, that the parallels between the alamethicin channels and othr protein-based channels, both membrane resident and reconsitd, indi that the biophysial basis of the "Y2 Rule" might lie outside the requirements of any specific channel system and, rather, have something to do with the fundamental properties of the pore in ion channels. We conclude finally with the observation that although we cannot assign an unambiguous tural interpretation to the 3A Rule, this does not obviate the utility of the relationship for accurately describing allowed conductance states of a wide variety of ionic channels. The advantage of this rule is that it is both relatively accurate and inclusive for the 26 types of channels shtied. Furthermore, the rule provides a descriptive famework for other experimentally determined channel ertie, including channel heterogeneity, effects of channel blocking ions and ligands, and experimental variation in specific chanel conductance on diferent days and in different laboratories. The fact that the 3A Rule is a power function also hints at a common energetic basis for the relationship. For example, a ratio of 3A between different conductances corresponds to an energy barrier of 0.24 kcal/ mol. Finally, it is our expectation that further studies of multiple conductance levels in ion channels, particularly with respect to a search for deviations from the 3A Rule, might eventually lead to a more complete understanding of ion channel function.
